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Abstract:  Two-photon accessed excited state absorption is shown to be an important mechanism 
in the near-IR nonlinear response of an organic supermolecule. This mechanism also provides an 
enhanced nonlinear absorption in an optical waveguide configuration.  
OCIS codes: (190.0190) Nonlinear optics; (190.4400) Nonlinear optics, materials; (190.4710) Optical 
nonlinearities in organic materials; (070.6020) Signal processing; (160.4330) Nonlinear optical materials. 
 
Bis(terpyridyl osmium)-(porphinato)zinc (Os-PZn-Os) is an organic supermolecule that possesses strong nonlinear 
optical properties in the near-infrared (NIR).  Its linear extinction spectrum is shown in black in Figure 1 and its 
chemical structure is shown in the inset.  The supermolecule is made up of two bis-terpyridyl osmium groups 
connected to a central (porphinato)zinc macrocycle via carbon-carbon triple bonds.  This electronic spectrum differs 
markedly from those characteristic of monomeric ethyne-elaborated (porphinato)zinc and Os(tpy)2 chromophores, as 
the ethyne linkage drives extensive mixing of the (porphinato)zinc-based π-π*and Os(tpy)2 charge-resonance states, 
giving rise to a variety of low-energy electronic transitions that feature significant absorption oscillator strengths [1].   
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Figure 1  Ground and excited state spectra of Os-PZn-Os (chemical structure shown in the inset). 
 
 The transient absorption spectrum observed from a 21 mM solution of the Os-PZn-Os in dimethyl sulfoxide 
(DMSO) measured 2.7 ps after excitation with 3 μJ of 772 nm light is shown in red in Figure 1.  The excited state 
absorption spectrum is strongly red shifted from the ground state absorption, and arises from an extensively 
delocalized triplet-state wave function that features substantial charge-separated character [1]. 
 The strong, broad excited state absorption suggests the material can be a useful nonlinear absorber in the 
NIR.  The weak linear absorption within the excited state absorption bandwidth means that two-photon pumping of 
the strongly absorbing excited state may be necessary to initiate nonlinear absorption in the spectral region beyond 
850 nm.  To evaluate the effectiveness of this mechanism, the dispersion of the two-photon absorption (TPA) in this 
region was measured by wavelength-dependent Z-scan measurements using 75 femtosecond pulses.  Examples of 
the open aperture Z-scan data at 1050 nm are shown in the left panel of Figure 2.  A plot of intensity as a function of 
effective nonlinear absorption coefficient, β, is shown in the right panel.  The intensity dependence is consistent 
with the expected two-photon accessed excited state nonlinear process.  The two-photon cross section extracted 
from the intercept of this plot is significantly larger than those reported for monomeric porphyrins [2]. This is 
expected since the overall electronic structure of the Os-PZn-Os supermolecule is that of a symmetric Donor-π-
Acceptor-π-Donor known to gives rise to large TPA coefficients [3]. 
 Figure 3 shows the spectral variation of the observed TPA cross sections compared to the linear extinction 
coefficient.  The increase in TPA cross section as the experimental wavelength approaches 850 nm is probably due 
to resonance with the tail of the one photon absorption. The peak in the two-photon spectrum near 1100 nm roughly 
coincides with the Os(tpy)2 derived metal-to-ligand-charge-transfer (MLCT) ground state transition near 550 nm[4]. 
There is very little enhancement due to resonance with transitions that feature extensive porphy
 The Z-scan data coupled with the transient absorption data above shows that O
significant two-photon pumped excited state nonlinear absorption in the NIR.  The m
rin Q-band character.  
s-PZn-Os can have a 
echanism of two-photon 
excitation of an absorbing excited state offers the advantage of significantly reduced linear transmission losses.  This 
can be especially useful when optical microstructures, such as waveguides, are used to enhance nonlinear absorption 
effects. The viability of this mechanism for nonlinear absorption in Os-PZn-Os was investigated by carrying out 
nanosecond nonline incorporated into 
capillary waveguides. The results are 
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Figure 2  Left: Z-scan data with fits.   Right: Intensity dependence of the TPA cross section. 
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Figure 1  TPA Cross sections compared to linear extinction coefficient.
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The details of the two experiments are as follows: For Figure 4a, the absorbance change was measured by 
focusing the output of a spatially filtered 4 ns OPO into a 21 mM solution of Os-PZn-Os in DMSO.  The sample cell 
was 33 μm thick and the focusing optics were set at f/5.    For Figure 4b, a 2 cm long, 10 μm inner diameter silica 
capillary was filled with a 0.21 mM solution of Os-PZn-Os in DMSO. Light was coupled into the multimode 
waveguide using a microscope objective.  In both the Figure 4a and 4b experiments, the calibrated transmitted 
energy was compared to input energy to calculate the absorbance  
Two features of the data in Figure 4 are immediately apparent: First, at identical input fluences, the 
waveguide configuration yields larger changes in absorption than does the free-space configuration.  Second, in the 
waveguide, the change in absorbance becomes enhanced relative to the free-space at wavelengths greater than 950 
nm.  The overall enhancement of the nonlinear response is due to the longer interaction length available in the 
waveguide.  This was demonstrated in earlier studies of nonlinear absorption in waveguides [5]. 
 The additional selective enhancement near 1000 nm in a waveguide arises from the two-photon excitation 
mechanism.  It was recently shown that in small waveguides similar to those used here, the propagating light is not 
uniformly distributed within the waveguide core due to the relatively small number of spatial modes [6].  The 
resulting higher local intensities in the waveguide core enhance the nonlinear response of intensity dependent 
processes such as TPA.  In order to demonstrate the origin of this effect, Figure 5 utilizes the threshold for the 
nonlinear transmission process (here defined as the fluence at which the absorbance change reaches 0.2 -
corresponding to a transmission change to 63% of its initial value).  For fair comparison of this transmission 
threshold with the TPA cross section, the reciprocal of the measured threshold has been plotted on a log scale.  
Figure 5 shows the wavelength dependence of this quantity for the ns response in the bulk (black squares) relative to 
that of the waveguide (blue circles).  Also shown is the dispersion of the TPA cross section (red triangles).   
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Figure 4  Wavelength dependence of the reciprocal NLT threshold for free space optics 
(black squares) versus the waveguide configuration (blue circles).  The red triangles are 
measures of the TPA cross section. 
  
 The waveguide advantage throughout the NIR region is readily apparent.  Despite being two orders of 
magnitude lower in concentration, the thresholds for NLT in the waveguide are smaller throughout.  At its peak, the 
reciprocal of the threshold is two orders of magnitude better in the waveguide than in the bulk.  Furthermore, the 
threshold reciprocal has its maximum at the same wavelength as the observed peak in the TPA absorption 
coefficient.  This maximum is also near the peak wavelength of the excited state absorption.  The incorporation of 
this strongly two photon absorbing supermolecule into a waveguide has resulted in orders of magnitude better 
performance by facilitating the population of a strongly absorbing excited state throughout the length of the 
waveguide.    
References   
[1] (a) H. T. Uyeda, Y. Zhang, K. Wostyn, I. Asselberghs, K. Clays, A. Persoons, and M. J. Therien, J. Am. Chem. Soc. 124, 13806 (2002); (b) T. 
V. Duncan, I. V. Rubtsov, H. T. Uyeda, and M. J. Therien, J. Am. Chem. Soc. 126, 9474 (2004); (c) T. V. Duncan, T. Ishizuka, and M. J. Therien, 
J. Am. Chem. Soc. 129, 9691 (2007); (d) T. V. Duncan, K. Song, S.-T. Hung, I. Miloradovic, A. Persoons, T. Verbiest, M. J. Therien, and K. 
Clays, Angew. Chemie, Int. Ed. Engl. 47, 2978 (2008); (e) T. Ishizuka, L. E. Sinks, K. Song, S.-T. Hung, A. Nayak, K. Clays, and M. J. Therien, 
J. Am. Chem. Soc. 133, 2884 (2011). 
[2] ] M. Drobizhev, Y. Stepenenko, Y. Dzenis, A. Karotki, A. Rebane, P. N. Taylor, and H. L. Anderson, J. Phys. Chem. B 109, 7223 (2005). 
[3] M. Albota, D. Beljonne, J.-L. Brédas, J. E. Ehrlich, J.-Y. Fu, A. A. Heikal, S. E. Hess, T. Kogej, M. D. Levin, S. R. Marder, D. McCord-
Maughon, J. W. Perry, H. Röckel, M. Rumi, G. Subramaniam, W. W. Webb, X.-L. Wu, and C. Xu, Science  281, 1653 (1998). 
[4] A. Juris,V. Balzani, F. Barigelletti, S. Campagna, P. Belser and A. von Zelewsky Coord. Chem. Rev. 84, 85 (1988). 
[5] J. J. Butler, J. J. Wathen, S.R. Flom, R.G.S. Pong, and J.S. Shirk Opt. Lett. 28, 1689-1691 (2003). 
[6] A. Rosenberg and J. S. Shirk, Nonlinear Optics and Quantum Optics 40, 137 (2010). 
